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SEMICONDUCTOR MEMORY HAVING 
STORAGE CAPACITOR CONNECTED TO 
DIFFUSION REGION THROUGH BARRIER 

LAYER 

BACKGROUND OF THE INVENTION 

1. Field of the invention 
The present invention relates to a one-transistor type 

memory cell for use in DRAMs (dynamic random access 
memory), and more speci?cally to such a one-transistor type 
memory cell having an associated information storage 
capacitor. 

2. Description of related art 
In the prior art, a one-transistor type memory cell having 

an associated information storage capacitor such as a 
stacked capacitor has been knoWn, Which includes a MOS 
FET (metal-oxide-semiconductor ?eld effect transistor) 
formed in a device formation Zone con?ned by a ?eld oxide 
on a principle surface of a semiconductor substrate. The 
MOSFET includes a pair of diffusion regions Which are 
formed in the principle surface of the semiconductor 
substrate, separately from each other so as to form a channel 
betWeen the pair of diffusion regions. The pair of diffusion 
regions constitute a source region and a drain region of the 
MOSFET. An oxide layer is formed to cover the principle 
surface of the semiconductor substrate Within the device 
formation Zone, and a Word line is formed on the oxide layer 
so as to pass above the channel formed betWeen the source 
region and the drain region. Therefore, a portion of the Word 
line passing above the channel formed betWeen the source 
region and the drain region functions as a gate electrode, and 
a portion of the oxide layer betWeen the gate electrode and 
the channel functions as a gate oxide. 

The gate electrode and the oxide layer Which is not 
covered With the gate electrode, are covered With a loWer 
interlayer insulator layer. An opening is formed in the loWer 
interlayer insulator layer at a position of the drain region, 
and a storage electrode is formed to extend over the loWer 
interlayer insulator layer and to contact With the drain region 
in the opening formed in the loWer interlayer insulator layer. 
A capacitor electrode is formed over the storage electrode 
With a capacitor insulator ?lm being sandWiched betWeen 
the storage electrode and the capacitor electrode. Thus, a 
stacked capacitor is formed of the storage electrode, the 
capacitor insulator and the capacitor electrode. 

In addition, an upper interlayer insulator layer is formed 
to cover the stacked capacitor, and a bit line is formed on the 
upper interlayer insulator layer. This bit line is connected to 
the source region through a contact hole formed in the upper 
and loWer interlayer insulator layer above the source region. 

Thus, the one-transistor type memory cell connected to 
the Word line and the bit line is formed. In this one-transistor 
type memory cell, the storage electrode is ordinarily formed 
of a polysilicon. In order to cause the storage electrode to 
have sufficient conductivity, the polysilicon of the storage 
electrode has been diffused With impurities. In this diffusion 
process, the impurities diffuse not only into the storage 
electrode but also into the semiconductor substrate. As a 
result, another diffusion region has been inevitably formed 
Within the drain region in the semiconductor substrate. This 
second diffusion region has a depth larger than that of the 
drain region. In other Words, the second diffusion region 
extends into the semiconductor substrate beyond a bottom of 
the drain region. 

Formation of the above mentioned second diffusion 
region has given signi?cant adverse affects. First, the impu 
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2 
rities diffused into the semiconductor substrate Will loWer a 
threshold voltage of a parasitic transistor formed in prox 
imity of the ?eld oxide, so that a device isolation function is 
deteriorated. In addition, a threshold of a transistor con 
nected to the Word line is also decreased. This in?uence 
becomes further remarkable if a memory capacity is 
increased and a cell siZe is reduced. Therefore, the formation 
of the second diffusion region is inconvenient to micromin 
iaturiZation of semiconductor memories. 

In vieW of the above problems, concentration of the 
impurities diffused to the storage electrode of the stacked 
capacitor has been restrained to a loW level in the prior art. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a one-transistor type memory cell having an asso 
ciated information storage capacitor, Which has overcome 
the above mentioned defect of the conventional one. 

Another object of the present invention is to provide a 
one-transistor type memory cell having an associated infor 
mation storage capacitor, in Which diffusion of impurities 
from a storage electrode of the associated information 
storage capacitor to a source/drain diffusion region of the 
transistor is effectively suppressed or prevented. 
The above and other objects of the present invention are 

achieved in accordance With the present invention by a 
memory cell comprising a semiconductor substrate and a 
MOSFET formed on a principle surface of the semiconduc 
tor substrate. This MOSFET includes ?rst and second dif 
fusion regions Which are formed in the principle surface of 
the semiconductor substrate, separately from each other so 
as to form a channel formed betWeen the ?rst and second 
diffusion regions. The MOSFET also includes an oxide layer 
formed to cover the principle surface of the semiconductor 
substrate above the channel, and a gate electrode formed on 
the oxide layer above the channel. The memory cell also 
comprises a capacitor having a storage electrode formed to 
contact With the ?rst diffusion region, and a capacitor 
electrode formed adjacent to the storage electrode With a 
capacitor insulator ?lm being sandWiched betWeen the stor 
age electrode and the capacitor electrode. The storage elec 
trode is connected to the ?rst diffusion region through a thin 
barrier layer Which is formed betWeen the ?rst diffusion 
region and the storage electrode region so as to prevent 
impurities in the storage electrode from being diffused into 
the semiconductor substrate. 

Preferably, the thin barrier layer is formed of a silicon 
nitride, a silicon oxide, or a titanium nitride. In this case, the 
thin barrier layer is made to have a suf?ciently thin thickness 
to ensure electric connection betWeen the ?rst diffusion 
region of the MOSFET and the storage electrode region of 
the associated capacitor. 
The above and other objects, features and advantages of 

the present invention Will be apparent from the folloWing 
description of preferred embodiments of the invention With 
reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic sectional vieW of a ?rst embodi 
ment of the memory cell in accordance With the present 
invention, including a stacked capacitor; and 

FIG. 2 is a diagrammatic sectional vieW of a second 
embodiment of the memory cell in accordance With the 
present invention, including a trench capacitor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, there is shoWn a diagrammatic 
sectional vieW of a ?rst embodiment of the memory cell in 
accordance With the present invention. 
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The shown memory cell is of a one-transistor type includ 
ing a stacked capacitor. The shown memory cell includes a 
P-type silicon substrate 10 having a principal surface 12, 
Which is an upper surface in the drawing. The principle 
surface 12 of the semiconductor substrate 10 is divided into 
a number of device formation Zones con?ned by a ?eld 
oxide 14, Which is formed in a LOCOS (local oxidation of 
silicon) method. Only one of the device formation Zones is 
shoWn in FIG. 1 for simpli?cation of the drawing, and is 
generally designated by Reference Numeral 16. 

Within the device formation Zone 16, a pair of N-type 
diffusion regions 18 and 20 are formed in the principle 
surface 12 of the semiconductor substrate, separately from 
each other so as to form a channel 22 betWeen the pair of 
diffusion regions 18 and 20. An oxide layer 24 is formed to 
cover the principle surface of a semiconductor substrate 
Within the device formation Zone 16, and a Word line 26 
formed of polysilicon is located on the oxide layer 24 to pass 
above the channel 22. Thus, the pair of diffusion regions 18 
and 20 constitute a drain region and a source region of a 
MOSFET, respectively. A portion of the Word line 26 
passing above the channel 22 functions as a gate electrode 
of the MOSFET, and a portion of the oxide layer 24 above 
the channel 22 functions as a gate oxide. Preferably, the pair 
of N-type diffusion regions 18 and 20 are formed in self 
alignment With the gate electrode 26, for example by an ion 
implantation using the gate electrode 26 as a mask. 

The gate electrode 26 and the oxide layer 24 Which is not 
covered With the gate electrode 26, are covered With a loWer 
interlayer insulator layer 28. An opening 30 is formed to 
pierce through the loWer interlayer insulator layer 28 and the 
oxide layer 24 at a position of the drain region 18, and a 
barrier layer 32 is formed on an exposed upper surface of the 
drain region 18 Within the opening 30. A storage electrode 
34 formed of a polysilicon layer having a thickness of 2000 
A is deposited over the loWer interlayer insulator layer 28 to 
extend to a position directly above the gate oxide 26 on the 
one hand and to a position above the ?eld oxide 28 on the 
other hand. This storage electrode 34 is in contact With the 
barrier layer 32 in the opening 30 formed in the loWer 
interlayer insulator layer 28. 

In addition, a capacitor insulator ?lm 36 is formed to 
completely cover the storage electrode 34, and a capacitor 
electrode 38 formed of a polysilicon layer is deposited to 
completely cover the capacitor insulator ?lm 36, so that the 
capacitor insulator ?lm 36 is sandWiched betWeen the stor 
age electrode 34 and the capacitor electrode 38. Thus, a 
stacked capacitor is formed of the storage electrode 34, the 
capacitor insulator 36 and the capacitor electrode 38. 

In addition, an upper interlayer insulator layer 40 is 
formed to completely cover the stacked capacitor and the 
loWer interlayer insulator layer 28, and a bit line 42 formed 
of for example tungsten silicide is located on the upper 
interlayer insulator layer 40. This bit line 42 is connected to 
the source region 20 through a contact hole 44 Which is 
formed to pierce through the upper and loWer interlayer 
insulator layers 40 and 28 above the source region 20. 

Thus, the one-transistor type memory cell connected to 
the Word line and the bit line is formed. 

The barrier layer 32 is formed of, for example, a silicon 
nitride layer having a thickness of 40 A, Which can be 
formed by a thermal nitridation in Which the substrate is 
heated in an atmosphere of NH3 after the opening 30 is 
formed to pierce through the loWer interlayer insulator layer 
28 and the oxide layer 24 so as to expose an upper surface 
of the drain region 18 Within the opening 30. 
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4 
Interposition of the barrier layer 32 betWeen the drain 

region 18 and the storage electrode 34 prevents diffusion of 
impurities into the P-type silicon substrate 10, even if 
impurity, for example, phosphorus is suf?ciently diffused 
into the storage electrode 34 until the storage electrode 34 
has a sheet resistance of 20 Q/El. On the other hand, the 
thickness of 40 A in the silicon nitride barrier layer 32 
ensures suf?cient electrical connection betWeen the drain 
region 18 and the storage electrode 34. 
The barrier layer 32 can be formed of not only the silicon 

nitride but also any material such as a silicon oxide or a 
titanium nitride, that not only functions as a barrier against 
impurity diffusion but also ensures electrical connection 
betWeen the drain region 18 and the storage electrode 34. 

Referring to FIG. 2, there is shoWn a diagrammatic 
sectional vieW of a second embodiment of the memory cell 
in accordance With the present invention. The shoWn 
memory cell is of a one-transistor type including including 
a trench capacitor. In FIG. 2, elements corresponding or 
similar to those shoWn in FIG. 1 are given the same 
Reference Numerals, and explanation thereof Will be omit 
ted for simpli?cation of explanation. 
As seen from FIG. 2, a vertical trench 50 is formed 

betWeen the ?eld oxide 14 and the drain region 18 of the 
MOSFET. Inner side and bottom surfaces of the trench 50 
are covered With an insulating layer 52. A side surface of the 
insulating layer 52 is covered With a polysilicon storage 
electrode 54. In addition, a bottom surface of the insulating 
layer 52 and an inner side surface and a top surface of the 
polysilicon storage electrode 54 are completely coated With 
a capacitor insulator ?lm 56, and an inner space de?ned by 
the capacitor insulator ?lm 56 is ?lled With a polysilicon 
capacitor electrode 58, Which further extends over a top 
portion of the capacitor insulator ?lm 56 and the ?eld oxide 
14. Thus, a capacitor formed of the storage electrode 54, the 
capacitor insulator ?lm 56 and the capacitor electrode 58, is 
formed in the vertical trench 50. In the capacitor thus formed 
in the vertical trench 50, the insulating layer 52 formed on 
the inner side and bottom surfaces of the trench 50 functions 
to prevent electric charges accumulated in the storage elec 
trode 54 from being escaped into the substrate 10. 

In addition, a barrier layer 60 is formed to extend around 
and along an upper edge portion of the trench 50, so that the 
polysilicon storage electrode 54 is connected through the 
barrier layer 60 to the drain region 18 and the semiconductor 
substrate under the ?eld oxide 14 is isolated from the 
polysilicon storage electrode 54 by the barrier layer 60. This 
barrier layer 60 serves to prevent impurities included in the 
storage electrode 54 from being diffused into the semicon 
ductor substrate 10 under the ?eld oxide 14. Therefore, 
adjacent storage electrodes are prevented from being short 
circuited to each other by impurities diffused from the 
adjacent storage electrodes. This means that it is possible to 
diffuse a suf?cient concentration of impurities into the 
storage electrodes, and therefore, it is possible to further 
microminiaturiZe the memory cell. 

As seen from the above description of the embodiments 
With reference to the accompanying draWings, formation of 
the barrier layer betWeen the diffusion region of the MOS 
FET and the storage electrode of the capacitor prevents 
diffusion of impurities from the storage electrode into the 
semiconductor substrate and/or the diffusion region of the 
MOSFET. Therefore, it is possible to suf?ciently diffuse 
impurities into the storage electrode of the capacitor, Without 
loWering a threshold voltage of a parasitic transistor formed 
in proximity of the ?eld oxide, and Without loWering the 
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threshold of the transistor connected to the Word line. As a 
result, distance betWeen the ?eld oxide, the storage electrode 
of the capacitor and the transistor can be reduced. 
Accordingly, this is very effective for microminiaturiZation 
of the memory cell for the speed-up and the increase of 
integration density of the semiconductor memory. 

The invention has thus been shoWn and described With 
reference to the speci?c embodiments. HoWever, it should 
be noted that the present invention is in no Way limited to the 
details of the illustrated structures but changes and modi? 
cations may be made Within the scope of the appended 
claims. 

I claim: 
1. A memory cell comprising: 
a semiconductor substrate; 

a MOSFET including ?rst and second diffusion regions 
Which are formed in a principal surface of said semi 
conductor substrate, separately from each other so as to 
form a channel betWeen said ?rst and second diffusion 
regions, said MOSFET also including an oXide layer 
formed to cover said principal surface of said semicon 
ductor substrate above said channel, and a gate elec 
trode formed on said oXide layer above said channel; 
and 

a capacitor having a storage electrode formed to contact 
With said ?rst diffusion region, and a capacitor elec 
trode formed on said storage electrode With a capacitor 
insulator ?lm being sandWiched betWeen said storage 
electrode and said capacitor electrode, said storage 
electrode being formed of an impurity doped 
polysilicon, said storage electrode being spaced from 
and connected to said ?rst diffusion region by a thin 
barrier layer Which is formed betWeen said ?rst diffu 
sion region and said storage electrode, said thin barrier 
layer being formed of a single thin ?lm composed of a 
material selected from the group consisting of silicon 
nitride and silicon oXide, said thin barrier layer not only 
preventing impurities in said impurity doped polysili 
con of said storage electrode from being diffused into 
said semiconductor substrate, but also ensuring elec 
trical connection betWeen said ?rst diffusion region and 
said storage electrode. 
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2. A memory cell claimed in claim 1 Wherein said barrier 

layer is formed of a silicon nitride layer having a thickness 
of 40 A, and said storage electrode is formed of polysilicon 
doped With impurities. 

3. A memory cell claimed in claim 1 further including a 
loWer interlayer insulator layer formed to cover said gate 
electrode and said oXide layer Which is not covered With said 
gate electrode, an opening formed to pierce through said 
loWer interlayer insulator layer and said oXide layer at a 
position of said ?rst diffusion region, and Wherein said 
barrier layer is formed on a surface of said ?rst diffusion 
region Within said opening, and said storage electrode is 
deposited over said loWer interlayer insulator layer so that 
said storage electrode is in contact With said barrier layer in 
said opening formed in said loWer interlayer insulator layer, 
and Wherein said capacitor insulator ?lm is formed to 
completely cover said storage electrode, and said capacitor 
electrode is deposited to completely cover said capacitor 
insulator ?lm, so that said capacitor insulator ?lm is sand 
Wiched betWeen said storage electrode and said capacitor 
electrode. 

4. A memory cell claimed in claim 1, further comprising 
a ?eld oXide layer formed on said semiconductor substrate, 
and a vertical trench formed betWeen said ?eld oXide layer 
and said ?rst diffusion region of said MOSFET, said vertical 
trench having side and bottom surfaces covered With a 
U-shaped insulating layer, and Wherein said storage elec 
trode is formed to cover an inner side surface of said 
U-shaped insulating layer in said trench, and a portion of 
bottom surface of said U-shaped insulating layer and an 
inner side surface and a top surface of said storage electrode 
are completely coated With said capacitor insulator ?lm, an 
inner space of said vertical trench de?ned by said capacitor 
insulator ?lm being ?lled With said capacitor electrode, so 
that a capacitor formed of said storage electrode, said 
capacitor insulator ?lm and said capacitor electrode is 
formed in said vertical trench, and said barrier layer is 
formed to eXtend around and along an upper edge portion of 
said trench, so that said storage electrode is connected 
through said barrier layer to said ?rst diffusion region and 
said semiconductor substrate under said oXide layer is 
isolated from said storage electrode by said barrier layer. 


